instincts, as both Intel and IBM have announced technologies that will create new chips having 100 times the processing power and 1,000 times the storage capacity of today's best chips.
At the same time computers have been increasing in power, costs have been falling. As a result, the computer has become a very popular mass-market retail product. Mass production has lowered the cost of computers to the point at which they may become truly personal, that is, owned by each person.
Wearable Computers
Miniaturization is making computers smaller. The next phase after personal will be wearable. First to market is Levi Strauss, which is manufacturing sporty jackets outfitted with a mobile telephone, an MP3 music player, earphones, a microphone, and a remote control. The clothing line is called industrial clothing design plus (ICD+). For more information, go to http://www.levis-icd.com or search http://yahoo.com for wearable computers.
Imagine wearable computers that can help learners with special needs adapt and communicate. Scientists at MIT, for example, designed a wearable computer to recognize sign language. A tiny camera mounted in the user's hat recognizes the user's signing and communicates the message to the computer. A movie demonstrating this device is available at http://wearables.www.media.mit.edu/projects/wearables. The sign language recognition software has a limited vocabulary and is not ready for practical use, but imagine how helpful such a device will be ten or twenty years from now when computers will be able to recognize all words in all languages.
Truly Personal Computing
Hasselbring dreams how learners with special needs will use a portable computer he refers to as the personal computing device (PCD). In a futuristic case study of a moderately challenged learner, for example, Hasselbring (2001) predicts how Megan will have a wireless PCD that recognizes speech, uses global positioning to track her location, records audio and video, accesses databases, replaces textbooks, works anywhere, and tracks usage in an instructional management system that allows teachers to monitor student performance. In a case The Future's Future Page 4 study of a more severely challenged learner, Hasselbring (2001) tells how Tameika uses an eyegaze switch to control a PCD that speaks for her, enables her to escape the bonds of her body, and networks with Megan, enabling Tameika and Megan to communicate with one another.
Convergence
Multimedia technology provides the means to scan any image, snap any photo, record any sound, capture any video, and publish them in a worldwide format that the Web can deliver any time, any place. Digital cameras, scanners, camcorders, and MP3 music recorders have become mass-market consumer devices that enable anyone to become a creator, and not just a consumer, of multimedia content over the Internet. Figure 1 illustrates how all of these media are converging into a common data stream that can be delivered all over the world.
Hasselbring (2001) tells how this convergence will make educational content available on a 24-7-365 basis, that is, 24 hours a day, seven days a week, every day of the year. Tsantis and Castellani (2001) predict that "The use of Web-based learning will transform education into a seamless environment where data about individuals is collected as needed, anytime and anywhere." Tinker (2001) foresees new dissemination channels whereby educational materials will be distributed over the Internet through cooperatives and e-commerce.
MPEG Distribution Channels
Distribution channels are changing. Consider the case of MPEG, for example, which stands for Moving Picture Experts Group. MPEG is an industry-wide digital video standard that is being used in DirecTV, DVD, and HDTV. MPEG has compact-disc quality sound and can do 5.1 surround sound. The nomenclature 5.1 refers to five surround speakers (left-front, centerfront, right-front, left-rear, and right-rear) plus one subwoofer that produces low bass sounds.
DirecTV
DirecTV uses MPEG to bring you high-quality digital television with surround sound via satellites and 18-inch receiver dishes. Contrary to ad campaigns waged by cable TV providers, DirecTV works exceedingly well. It is easy to install and often costs less than cable.
DVD
Digital video disc (DVD) technology enables you not only to play MPEG movies on disc, but if your computer has a DVD-R recorder, you can also create your own DVDs that can play back on almost any commercial DVD player. As the cost of DVD recorders and DVD-R discs decline, DVD will begin to rival videotape as the preferred consumer medium for video storage.
HDTV
As High Definition Television (HDTV) sets continue to fall in price, more consumers are switching over to the new format, which uses MPEG to broadcast commercial television programs in the wide-screen format formerly found only in movie theaters. As computer networks incorporate this new technology, the nation's homes are becoming equipped as multimedia theaters capable of receiving on-demand programming. Microsoft's UltimateTV, for example, combines DirecTV programming with digital video recording, live TV controls, interactive TV, and Internet access. For more information, go to http://www.ultimatetv.com.
Video on Demand
Imagine an MPEG store of master teachers on demand, where you could click to view the best presentations by the master teachers of the world, downloadable on demand, to play on your wide screen with surround sound and computer interactivity. Consider the guitar lessons from Play Music, for example. While viewing a master class in which one of the best guitar teachers in the world shows you how to play a riff, an exercise downloads that coaches as you play along.
You play the riff slowly at first, and as your skill level increases, you gradually increase the tempo as the fingering charts show you how to position your fingers on the fretboard. You can even change the view with which you observe the fretboard onscreen. Today, you can purchase these materials on CD-ROM available from http://www.playmusic.com. In the future, it will be possible to host these kinds of lessons directly over the Internet.
MP3
Perhaps the greatest impact MPEG has had to date on the mass market is MP3, which stands for MPEG audio layer 3. MP3 uses an MPEG audio codec (i.e., compress/decompress) to encode and decode recorded music. MP3 can compress a CD-audio track into a substantially smaller file requiring significantly less bandwidth (i.e, about 10%) to transmit over the Internet without degrading the original sound track's quality. MP3 players are quickly replacing more traditional forms of portable listening devices such as cassette tape and CD audio players. The music doesn't skip if you play it while jogging, for example, and you can create a personalized compilation of songs.
Personal Digital Assistants
MP3 players have become mass-market consumer devices. Almost everyone who attends an MP3 demo wants to own a player. Diamond Multimedia makes a popular MP3 device called Rio, for example, which lets you copy, record, and play music. But that's all it does. Imagine how many electronic gadgets you would need to carry around with you if each device performed only one task. No matter how many pockets Levi Strauss can sew into clothing, people just aren't going to have enough pockets to carry a different gadget for each electronic function.
Enter the PDA, which stands for personal digital assistant. It's a handheld computer that people can take to work, school, or anyplace a PC might come in handy. There are two main families of PDAs: Pocket PC and Palm. The Pocket PC devices run a portable version of the Windows operating system. An example is the Cassiopeia, which is a Pocket PC manufactured by Casio. In addition to playing MP3 songs, the Cassiopeia runs pocket versions of the Microsoft Office programs. Connect the Cassiopeia to a PC for downloading favorite Web sites or reading your e-mail. Your calendar, notes, contacts, and task lists synchronize between your PC and your PDA. The Cassiopeia also has a compact flash (CF) slot into which you can plug a variety of peripherals. Plug in the IBM MicroDrive, which is a hard drive about the size of a postage stamp, and you can add a gigabyte of storage to hold thousands of MP3 songs or pictures and movies that you might record with the Cassiopeia's optional camera attachment.
Wireless Internet
Imagine the kind of access PDAs will provide when computer services become fully wireless. If you have a wireless version of the Palm PDA, for example, you can connect to an online encyclopedia. The entire encyclopedia is online, just waiting for you flip up the antenna on your Palm and connect. The software that enables the Palm to do this is available for download at http://www.britannica.com/wireless. In order to access the encyclopedia from the Palm, however, you must subscribe to the Palm wireless service, which is available in most major cities in the United States. More information is at http://www.palm.com.
Reflecting on the use of these technologies, Hasselbring (2001) tells how "It is only a matter of time before we will all connect our computing devices to LANs and the Internet through a wireless technology." He goes on to predict that if "…wireless connection can be offered at a reasonable cost, the issue of the digital divide as we know it could simply Users will connect via small satellite receivers that can be mounted anywhere in the world within line-of-site of one of the satellites. Thus, aircraft and maritime vessels will be able to connect.
In an MCI commercial that foreshadowed ubiquity, the actress Anna Paquin walks along a desolate beach for about a minute of silence, then turns to the TV audience, and says: "On the Internet, there's no there." In other words, it will not matter where you are.
Implications for Education
Being able to wear the network has important implications for education because it makes it possible to achieve the goals of the cognitive movement in education. Cognitive psychology portrays learners as active processors of information (Bruning, 1995) . Students learn better when they can invent knowledge through inquiry and experimentation instead of memorizing facts presented in a teacher-dominated classroom. It is difficult for a classroombased teacher to create this kind of environment and provide the amount of individual attention required by students with special needs.
In theory, the ubiquity of the Internet provides the opportunity for teachers and students to remain in touch virtually when they cannot interact personally in the classroom. In practice, educators need software that enables them to put courses online, view student performance data, identify problems when students encounter difficulty, and provide scaffolding to help students overcome the difficulties.
Examples of instructional management systems that attempt to put this theory into practice are Web-based learning management and delivery systems such as WebCT, Blackboard, Learning Space, Serf, and Web Course in a Box. These and many more similar systems are catalogued and compared by the Centre for Curriculum, Transfer, and Technology at http://www.ctt.bc.ca/landonline. In these online environments, instructors create courses by (a) entering and editing content, (b) adding and dropping students from the roster, (c) viewing and grading student assignments, and (d) creating discussion forums. The grading and assessment functions of many of these online systems can give teachers an edge in (a) identifying problem areas that students are having, (b) holding students in a problem zone for appropriate coaching, and (c) providing patient oversight until mastery is achieved.
Teaching in the Zone
Vygotsky (1978) referred to the zone of proximal development, which he defined as the difference between the difficulty level of a problem a student can cope with independently and the level that can be accomplished with help from others. In the zone, the teacher's role is to coach the student by providing learning supports called scaffolding. If the student keeps having trouble, the teacher provides more scaffolding. As the student masters the material, the scaffolding gets removed gradually, until the student can perform the task independently.
Tinker (2001) Reading this book presents an opportunity to study the latest research in the science of learning and reflect on how it can be put into practice.
Reflecting on the science of learning, Hasselbring (2001) sees an encouraging trend in which "…instructional developers are incorporating the scientific principles of human learning into technology-based instructional programs." He explains how computers can help teachers put these principles into practice in three important areas. First, by enabling learning programs to take account of the student's pre-existing knowledge. Second, by helping students learn with understanding. Third, by enabling active learning. Hitchcock (2001) tells how the Internet provides students with a world of interconnected knowledge to explore. Screen-capture and downloading enable students to collect what they discover and construct a framework for organizing and understanding. Thus, the student becomes an active processor of the information, and knowledge is the by-product.
Data Mining
As defined by Tsantis and Castellani (2001, p. 2) , data mining is the process of analyzing stored information to discover useful patterns in the data. In the field of special education, various legal requirements and school procedures such as IEP planning result in the storage of a tremendous amount of student data. The problem with much of this information, however, is that it is kept in proprietary database formats that prevent the data from being mined. The extent to which the data can be mined is determined by the ability of the software to locate patterns in the data. These data then enable learning programs to take account of the student's pre-existing knowledge and adjust content according to special needs.
Tsantis and Castellani (2001) report case studies of data mining in Missouri, South
Carolina, and Texas, where school districts are keeping data about special education students in data warehouses that can be mined. Data mining has enabled these school districts to use a continuous progress model that groups learners into the appropriate classes depending on student performance histories. In the process, the schools have reduced costs, strengthened relationships with parents, and expanded community support.
Tsantis and Castellani (2001) foresee a new profession of knowledge specialists who will contribute to a repository of transportable lesson plans and teaching and learning strategies. Each student's learning profile will be mined and stored on learning cards. Based on the smart card concept, the learning cards will hold instructional strategies that work well with this student, teaching dynamics critical to the student's success, and medical information such as seizure medication directions. "Since the Learning Card will be continuously updated, it will allow the new teacher, substitute, or other related professional (e.g., speech language pathologist, occupational/physical therapist) to be kept appraised of each student's status, needs, and progress." (Tsantis and Castellani, 2001 ).
School to Work
A problem facing many learners with special needs is how to make the transition from school to work. The Project Connect videos at http://www.ldonline.org/ld_indepth/technology/opening_the_door_luke.html, for example, show how technology helped (a) Luke learn to take notes, (b) Mike use a spreadsheet, (c) Robert read a book, and (d) Christian to write stories. Perhaps even more poignant though, the videos, show the parents' longing expressions as these four students talk about dreams of one day qualifying for a job and being able to enter the workforce.
Consider how data mining might one day be able to help these students find a job.
Imagine a special education technology infrastructure that keeps track of the skills each student acquires during their K-12 education. The Department of Labor (DOL) has created codes for each occupation and each job skill. The DOL posts online more than a million jobs organized according to these codes. Imagine a data mining program that looks for pattern matches between the student's acquired skills and the requirements of these actual job openings. As this article goes to press, for example, there are 1,405,940 job openings at America's Job Bank at http://www.ajb.org. Many of these jobs are for information workers who can telecommute, that is, work from home over the Internet. Imagine an instructional management system in which learners with special needs have worked on cooperative learning projects. In the process of completing those assignments, the students have demonstrated that they possess different kinds of online skills and team working abilities. Imagine matching those skills to actual job requirements and getting meaningful jobs for students with special needs.
Hitchcock (2001) tells how cooperative learning changes the role of teachers by "…shifting from their place at the head of the class to a position alongside their students, discovering, exploring, and solving problems together." In so doing, teachers can help the students acquire the kinds of skills needed to qualify for specific jobs. If the knowledge specialists (Tsantis & Castellani, 2001 ) make sure the corresponding data tags are in the student's learning profile, the data mining programs will not skip that student in looking for talent to fill a specific job.
The DOL is creating a suite of Web sites to help people get a career and obtain the training necessary to qualify for a job in their chosen field. Every American will have a career management account and a lifelong learning portfolio. America's Job Bank (http://www.ajb.org) lets users track job searches, post resumes, create cover letters and develop a personal online Career Kit to facilitate a job search. America's Learning Exchange (http://www.alx.org) is a free electronic marketplace connecting people to the training and education they need. Job seekers go there to find out who is offering the training they need to qualify for a job. 
Planning and Assessing
The IMS standards are important at all levels. Underscoring the need for goals to be adjustable, Hitchcock (2001) predicts that most decisions about support, challenge, and novelty will be determined cooperatively by teachers, students, and parents through the aid of analysis software that analyzes, predicts, and then creates the learning plan. Tsantis and Castellani tell The Future's Future Page 14 how data mining can perform this analysis. As Hitchcock (2001) rightly reminds us, however, cooperative learning and group reporting are not easily attainable now. One of the greatest obstacles is the difficulty of assessing the contributions of an individual student to a cooperative learning project that is created by a group of students. Learning management systems can solve this problem by providing tools for logging and assessing the contributions of individual students to group projects. If IMS standards could be created for identifying the skills that students acquire and exhibit in these cooperative learning projects, the resulting data could be compared to the qualifications of actual jobs in the DOL databases.
The Changing Web Paradigm: XML and Special Education
The Web is changing from a page-based paradigm, in which information is stored and published in static HTML files, to a dynamic application-based paradigm, in which information is exchanged in XML files that can be interpreted and presented in a wide range of applications and formats. XML stands for extensible markup language. The term extensible means new tags can be created for marking up the data. The field of special education, for example, could create new tags for defining its course content. Instead of creating static Web pages that encapsulate course content inside HTML tags defining its presentation, course content could be stored in XML files that do not define how the pages will appear. Instead, the layout of the presentation could be defined at run time through an extensible stylesheet language (XSL) that determines how to flow content from the XML files onto the screen in a format that meets the special needs of the user.
Imagine assistive style sheets that could use multimedia to flow the XML encoded content onto the screen, display it on refreshable Braille devices, translate text to synthetic speech to be heard through headphones or loud speakers, or any number of different assistive devices. Because XSL is extensible, researchers working on new technologies for enabling learners with special needs to communicate with computers could modify the style sheets, and thereby affect how course content is delivered, without having to redevelop the courses. The role of keyboard shortcuts, access keys, and simple switches, for example, could be redefined in the style sheets. This schema will only work, however, if the special education community plans its research and development efforts to take advantage of the new XML and XSL initiatives. For more information, go to the World Wide Web Consortium at http://www.w3c.org and follow the links to XML and XSL.
Where Are We?
How close are we to realizing the true potential of computers in the education of children with special needs? According to the futurists, not very. Hasselbring (2001) tells how futuristic hardware has come and gone but instructional methodologies have not taken advantage of them.
He maintains (2001) that we need a better model for helping teachers understand the relationship between technology and learning, we need to get technology into the hands of teachers, and we need more research on the effectiveness of connecting technology to instruction.
Tinker (2001) says that we know too little about matching treatment to diagnosis, and not enough about tool use acquisition by learners with special needs. Tsantis and Castellani (2001) lament that schools are drowning in data they are required to keep but are unable to fully
examine. If we could analyze the data and recognize the patterns that data mining can reveal, we would be better able to answer Tinker's questions and realize Hasselbring's dream.
Where do we want to be?
The dream is to make it possible for learners with special needs to use and benefit from technology naturally. Hitchcock (2001) foresees the day, for example, when "Assistive technologies … are seldom required because all approved software programs now have built-in supports for sensory, physical, cognitive, and affective difficulties." Teachers will have access to a wide range of cross-discipline course content published in accordance with appropriate guidelines. Hitchcock (2001) mentions specifically the importance of the IMS Global Learning Consortium specifications for content packaging, question and test interoperability, and metadata. He wants to be able to create universally designed learning (UDL) in which learning goals are flexible, assessment is continuous, and tools adapt to the student's needs.
Tsantis and Castellani tell how data mining can help anticipate, forecast, and make the best program decisions and enable special and regular education systems to work together. The challenge is how to get the data analyzed and act on the basis of the patterns discovered in it. As Tsantis and Castellani (2001) state, "If systems are required to collect data on students, then it seems imperative that knowledge discovery techniques be used to inform teaching and improve learning."
It is exciting that the new XML and XSL schema provide the technologies needed to accomplish this vision. What is frustrating is to realize that the special education community has not been very involved in these movements, and as a result, the field is not positioned well to take advantage of these innovations. The good news, however, is that the field of special education can quickly get on the right track.
Recommendations
Realizing the potential of the new educational technology for learners with special needs will require a coordinated effort that is not going to happen by itself. The special education community needs to take an active role in shaping the emerging standards in order that the new technologies can truly benefit students with special needs. To accomplish this, the field of special education should take following actions:
1. Join the IMS consortium, review all of the IMS specifications, and make recommendations for changes and additions that may be required to support the needs of the special education community. It is the field of special education's challenge to work with program developers and the various standards bodies to ensure that the wonderful products each project is creating individually can interoperate with each other and contribute data that can be mined and used to diagnose, prescribe, support, nurture, and eventually transition students productively into the workplace. If you can make that happen, the special education community will join Simba in his brief but thoughtful response to Mufasa: "Wow!"
